Electronic Supplementary Material (ESI) for RSC Advances. This journal is
(a) SEM image and (b) zeta potential of the synthesized SNPs 3
Experimental Section
Synthesis of silica nanoparticles (SNPs). SNPs were synthesized by the hydrolysis and condensation of tetraethyl orthosilicate (TEOS). TEOS (Sigma Aldrich, 12 ml) was dissolved in ethanol (HPLC grade, J.T. Baker, 150 ml) and ammonia hydroxide (28%, JUNSEI, 20 ml) was dropped into the solution under stirring. The reaction was carried out at room temperature for overnight and the resultant SNPs were collected by centrifugation followed by rinsing with deionized water and ethanol. The synthesized SNPs were vacuum dried at 80 o C for 3 days to remove any residual solvents.
Synthesis of free-standing hCPE, gCPE, and GPE membranes.
Free-standing CPEs with ca. 80 m thickness were prepared by UV curing of the mixture of SNPs, polyethylene glycol diacrylate (PEGDA, M n =700, Sigma Aldrich), and 1M LiTFSI in tetraethylene glycol dimethyl ether (TEGDME, Sigma Aldrich). The weight-based concentration ratio of SNPs, TEGDME, and PEGDAC is 20:60:20. Two types of photoinitiators, 2-hydroxy-2-methyl-1phenyl-1-propanone (HMPP, Sigma Aldrich) and Lucirin® TPO (BASF), were employed, wherein the concentration of HMPP and TPO was 1 wt% of PEGDA. In order to well disperse SNPs into polymer matrices, precursor solution was vigorous mixed via ball milling for 1 h. The mixture was dropped on polyethylene terephthalate (PET) substrate and cured for 3 min at room temperature using a LED UV lamp (Phoseon, 2000 mW/cm 2 ). This one-step curing yielded the hCPE. For the fabrication of gCPE, the casted film was thermally annealed at 80 o C for 90 min prior to the UV curing. GPE was prepared via the same procedure as hCPE except for the fact that SNPs were not included. All procedures were performed inside the glove box with oxygen and moisture level below 1 ppm. Battery tests. The Li-S cells were assembled in a high-purity Ar-filled glove box to avoid any possible contamination by moisture and oxygen. Coin type (CR2032, MTI) cells were fabricated by sandwiching CPE (or GPE) between the Li-metal anode and the sulfur cathode.
The galvanostatic discharge/charge tests on the cells were performed by battery cycler (WBCS3000, Wonatech) at pre-determined current rates. The cyclic voltammogram was acquired at a scan rate of 0.1 mV s -1 in the potential range 1.72.7 V.
Supplementary Figures
Silica nanoparticles (SNPs) were synthesized by the hydrolysis and condensation of tetraethyl orthosilicate (TEOS). The synthesized SNPs were characterized by combining field emission scanning electron microscope (FE-SEM, XL30S FEG, Philips) with 5 keV accelerating voltage and zetasizer Nano-ZS (Malvern). As shown in Fig. S1 , SNPs indicated a mean diameter of 220 nm and high negative charge of -47 mV (in methanol, analyzed by the Hückel approximation). The completion of UV curing of CPEs (and GPE) was confirmed by Fourier transform infrared spectroscopy (FT-IR, with a spectral resolution of 1 cm -1 ) upon monitoring C=C stretching vibrations at 1640 and 1620 cm -1 . As shown in Fig. S2 , the disappearance of C=C stretching vibration (from PEGDA monomer) was clearly revealed as a result of UV irradiation.
Fig. S2
FT-IR spectra of PEGDA and CPEs before and after UV irradiation.
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The incorporation of SNPs into GPE resulted in the improved Li + -ion conductivity. This is ascribed to facilitated lithium salt dissociation in the presence of high dielectric constant inorganic additives, as well as enhanced Li + -ion transport along SNP surfaces. As shown in Fig. S3 , both gCPE and hCPE indicate higher conductivity than that of GPE.
Interestingly, the Li + -ion conductivity of gCPE is ca. 10 % higher than that of hCPE, implying that the distribution of SNPs within the CPEs impacts the Li + -ion transport efficiency.
Fig. S3
Ionic conductivities of hCPE and gCPE, compared to that of GPE.
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After assembling coin cells containing the hCPE and gCPE electrolytes, a Li-metal anode, and sulfur in carbon black cathode, the cells were subjected to AC impedance spectroscopy. We obtained the analogous conclusions to Fig. S3 . As shown in Fig. S4 , the Li/gCPE/S cell indicated the lowest ohmic resistance and charge transfer resistance while the highest values were obtained for the Li/GPE/S cell among three Li-S cells. 
